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The  experimental  development' of  agricultural  residues,  particularly 
"bagasse,  for  the  production  of  low-cost  molding  conpounds  lias  received  in- 
creasing attention  in  recent  years.   The  United  States  Department  of  Agri- 
culture (7)  estimated  the  average  annual  production,  on  the  dry  basis,  of 
strands,  corncobs,  hulls,  corn  stover,  bagasse  and  other  residues  for  the 
period  1931-1935  at  more  than  173,000,000  tons,  of  ^diich  more  than  84,000,000 
tons  iTas  considered  to  be  available  for  industrial  use.   These  figures  c^o  not 
include  nutshells,  fruit  pits,  weeds  and  other  uncultivated  vegetation,  or 
wood  Hastes,  which  have  chemical  and  physical  characteristics  and  properties 
similaj:  to  those  of  the  materials  cited  above.   The  data  for  the  prod.uction 
of  the  individual  m.aterials  and  the  proximate  analyses  of  some  are  given  in 
table  1, 

The  industrial  utilization  of  even  a  relatively  small  portion  of  t^iese 
agric-oltural  residues  would  have  fax-reaching  effects  on  the  agricultural 
and  national  economy  of  the  United  States,  because  it  would  result  in  a 
larger  cash  income  to  the  farmer,  would  increase  the  degree  of  national  self- 
sufficiency  ?;ith  regard  to  a  number  of  strategic  raw  rcaterials,  and  wovJd 
conserve  some  of  our  irreplaceable  natural  resources,  such  as  forests,  coal 
and  petroleum. 

To  raeke   the  utilization  of  these  agricultural  residues  attractive  as 
raw  material  sources  to  industry  it  is  necessary  to  provide  their  continuous 
adequate  supply  to  the  manufacturing  plant  at  a  relatively  low  cost.   The 
mechanical  and  economic  problems  of  harvesting,  collection,  transportation, 
storage  and  preservation  will  have  to  be  better  solved  before  substantial  ton- 
nages can  be  moved  into  industrial  channels.   Sugar  cane  bagasse  is  in  a 
favored  position  in  that  the  cost  of  initial  collection  and  defibering  has 
already  been  absorbed  in  the  manufacture  of  sugar.   Costs  of  baling,  storiii£: 
and  transportation  after  receipt  from  the  sugar  mill  must  be  borne  by  tlie 
using  industry. 

A  considerable  amount  of  bagasse  has  been  used  in  the  production  of 
structural  and  insulating  board  in  the  last  twenty  years.      However,  the 
total  consumption  for  this  purpose  in  the  United  Sta.tes  and  its  insular 
possessions  probably  does  not  exceed  250,000  tons  annually.   A  small  aiount 
of  the  bagasse  is  used  for  livestock  bedding,  poultry  litter,  stock  feed, 
and  for  other  purposes.    The  major  portion  is  burned  for  fuel  at  the  sugar 
factories. 


*Sstablished  by  the  Bureau  of  Agricultural  Chemistry  and  Engineering,  U.  S. 
Bepartnent  of  Agriculture,  in  cooperation  with  the  Iowa  State  College. 
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The  rapid  growth  of  the  plastics  i'ndustr;^'-  and  active  interest   in  the 
utilization  of  lignin  (one  of  the  principal  plant  constituents)    opens  up  the 
possiliilit7  of  using  the  lignin-containing  agricultural  residues  for  the 
production  of  low-cost  plastics.      iCumerous  niethods  for  the  treati-nent   of 
these  residiies  and.  of"  other  lignin-containing  materials   (2,    3,    5)   have    oeen 
suggested.      In  1933   the  United  States  Jorest  Products  Lahoratory  at  h'adison, 
Wisconsin  proposed  methods  for  producing  plastic  nolding  coripounds  frori   sa^v- 
dust  aiid  fron   sone  of  the  agricultural   residues  (8,   3).    .  These  methods  con- 
sist essentially  of  hydrolyzing  or  digesting  the  raw  material  at  elevated 
temperatures  and  pressures  with  dilute  acid  or  with  aniline,    and  mixing  the 
hydrolyzed  residue  with  suitaMe  plasticizers.      These  procedures  appeared 
promising  for  application  to  the  annuftl  crop  residues  and  were  chosen  for 
the  preliminary  studies  on  bagasse  carried  out   in  the  .Agricultural   i^products 
Laboratory  of  the  United  States  Department  of  Agriculture  at  imes,    Iowa. 
These   studies   dealt  with  the  effects  of   such  variables   ss  temperature,    pres- 
sure,   period  of  hydrolysis   (digestion),    type  and  amount  of  plasticizers,    etc., 
and  resulted  in  a  number  of  modifications  of  the  methods   (4,    5). 

Acid  Digestion.  '  • 

A  satisfactory  molding   composition  was  obtained  from  bagasse  digested 
for  30  minutes  with  one  percent   sulfuric   acid  at  a  pressure  of  135  pounds 
per   square  inch.      After  filtering,   washing,    drying  end  grinding,    the  pov/der     '  ~" 
was  mixed  with  8   percent   each  of  aniline  and  furfural.      Specimens  molded  at 
about  525°  J.   under  a  pressure  of  3500  pounds  per  square  inch  had  a  fairly 
high  flexural    strength'  or  modulus  of  rupture   (approxim.ately  7000  pounds  per 
square  inch),    2.7  percent  moistiore  absorption   (fairly  low  for  a  48-hour 
immersion),    a   scleroscope  hardness  of  85,    and  a  specific  gravit:/  of  1.42. 
Some  of   the  physical  properties  of  the  molded  material   are   indicated  in  table 
2,      The  molded  products  are   dense,    black,    opaque,    lustrous  and  readily  machined 
with  high-speed  cutting  tools  or  carborundum  wheels.      Being  uniform   in  physical 
structure   the  molded  products  may  be  ground,    sanded  aJid  polished  throUf^hout 
their  entire  body. 

Alkaline  Furfural   Digestion.      -      ■ 

Preliminary  tests   at    this  laboratory  of  nolding  compounds  prepared 
by   digesting  bagasse  in  an  alkaline  furfural    solution  and  precipita^ting  the 
dissolved  lignin  complex  by   acidification,    g.-:ve  indications  that  txiis  method 
of   digesting  with  a  com.bination  of  plasticizing  and  pulping  agents  merits 
further  consideration.      Although  m^oisture   absorption  of   specimens  molded 
from   compositions  to  which  no  additional   plasticizing  agents  had  been  add.ed 
was  relatively  high,    the  flexural    strength  approached  7000  pounds  per   souajre 
inch,    as   indicated  in  table  2.      Additional    studies  on  this  method  are   being 
conducted. 

Aniline   Digestion. 

Early   tests  with  the  aniline   digestion  method  gave   specimens   exhibit- 
ing flexural    strengths  as  high  as  9000  pounds  per   square  inch.      Extending 
this  investigation  molding   compositions  were  prepared  from  a  series  of  24 
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digestions   in  ■•^vhich  the   effects  of   the  various  factors  outlined  nbove  ^-^ere 
studied.      The  aniline-digested  residues  were  v;ashed,    dried,    ground,    and 
mixed  with  plasticizing  agents   such  as  furfural   alone,    furfural   and  miline, 
or  furfural   and  phenol.      Data   showing   the  maximum,   minimum  and  avera,""e   strength 
characteristics  and  other  physical   properties  of  60    specimens  molded  from 
poi>7ders  prepared  under  varying  conditions  are  given  in   table  2, 

The  flexural   strength  of  three   commercial  phenol-formal  deny  de  r.olding 
compounds  was   determined  for  compa,rison  with  those  obtained  v;ith  the   brf^asse 
molding  powders.      These  phenol -forraaldehyde   type  plastics  also  exhibited 
flexural   strengths  of  ap" proximately  7000  pounds  per   square  inch  (t.-^ble  2). 

The  experiments  with  aniline   digestion  indicated  that    some  of   tae 
variables   in  the  preparation  of  the  molding  powders  have  definite  effects 
upon  the  physical  properties  of   the  molded  product.      A  low  water-baj^asse 
ratio   in  the   digestion  charge   is  necessary  for  maxim-um  plastic  flow  ?nd  aiaxi- 
mum  moisture  resistance   of   the  finished  plastic,    and  a  high  ratio   is   desirable 
for  maximum   strength.      The  optimum  amount   of  aniline  for   digestion  is  20   to 
25  percent  of  the  weigth  of   dry  bagas?e.      lower  digestion  pressures   tend  to 
give  good  strength  characteristics  while  higher  pressures  improve  the  plas- 
tic flow  and  moisture  resistance.      While  a  shorter  digestion  period  at  higher 
pressure   increases   the   strength  of  the  plastic-,    a  longer  cooking  time   at 
lower  pressure  is  more   desirable,      A  relatively  large  proportion  of  fines   in 
the  powder  apparently  enhances   the   strength  of   the  resulting  product,    provided 
the   original  fiber  length  is  not  reduced  drastically.      Plasticizing  of  the  di- 
gested material  before  grinding  tends  to   increase  the    strength  of   the  molded 
product. 

Based  on  these  findings,    conditions  were   selected  v;hich  would  be   ex- 
pected to  produce  a  molding  compound  of  a  reasonably  high  degree  of  flovf  and 
good  strength  characteristics.      A  molding  powder  prepared  from  bagasse  under 
the  chosen  conditions  j^ielded  molded  specimens  which  gave  results   in  line  with 
expectations.      This  indicates   that   the  molding  qualities  and  physical  properties 
of  bagasse,  powders  can  be  varied  to  meet   definite  requirements  within  reasonable 
limits   (5). 

Aniiine-bagasse  molding  powder,    altho'iigh  considered  thermosetting,    ex- 
hibits  some   thermoplastic   characteristics.      Tnen  molded  specimens  were  fused 
with  additional   powder  at   the  usual   temperature  and  pressure,    it  was  found 
to  be  practically  impossible   to   determine   the  line  of   demarcation  where  fusion 
had  taJcen  place,      I''olded  specimens  ground  to   a.  fine  powder  have  ^oeen  remolded 
under  the   original    conditions  of  temi^erature   and  pressure.      Bagasse  plastics 
with  metal   inserts  have  been  molded  successfully  in  this  laboratory,    indicat- 
ing excellent   adhesion  of   the  metal   to   the  plastic.      Veneers   (woods,    plastics, 
metcils,    etc.)  may  be  applied  either  at  the  time  of  initial  molding   or  as  a 
subsequent  operation:      Although  the  molding   powders  described  above   always 
give  a  lustrous  black  product,    it   is  possible  to   incorporate   suitable  pi.::;t:ients 
to  produce   colored  and  mottled  objects.      The  plastic   compositions  prepajred 
from  the  aniline-hydrolyzed  bagasse  exhibited,    in  general,    greater  plastic 
flow,    flexural    strength,    and  resistance   to  moisture  absorption  than  products 
prepared  by  the  acid-hydrolysis  and  alkaline-furfural  methods.      A  pilot-plant 
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for  the  production  of  molding  p07;d.ers  from  "oagasse,    Toased  on  procedures 
developed  at  this  laboratory,    has  "been  erected -at   a  sugar  mill    in  Louisiana, 
This  experimental  plant  has  a   capacity  of  about  200  pounds  of  powder  per   day. 

These  agricultural  molding  co;  pounds  have  aroused  a  great  deal   of 
interest   in   the   automotive  and  rubber   industries,    resulting  in  cooperative 
experijiental  v^ork  between  this  laboratory  and  the  research  organizations  of 
some  of   tae  large  automobile  and  r^abber  nanufacturers.      luring   this  coopera- 
tive n'ork  it  was  found  that  the  aniline-bagasse  molding   powders  can  be  com- 
pounded V7ith  eome   sjmthetic  rubber  materials,    as  well-  as  with  natural   rubber. 
This  led  to   e   number  of  possible   applications.      Automobile   steering  v/heels 
molded  from   a  mixture  of  aniline-bagasse  powder  and  synthetic  rubber  hp\-e 
passed  all   laboratory  end   service  tests.      A  gasket  material  prepared  from   a 
similar  i.;ixture  apparently  has  excellent   oil-resistance   and,    if  no't    subjected 
to  heat,    is   superior  to   the  usual  gasket   type  of  pecking  due  to   its  hi?,-h  re- 
covery or  resiliency.      Aniline-bagasse  powd.er  nsy  also  be  substituted  for  part 
of   the    shellac   or   similar  jjroducts  in  .the  preparation  of  the  hard,    dense, 
lustrous  materials  used  for  fender  guards.      The  automobile   industrj?-  has  also 
shown  considerable  interest  in  the  use  of  molding  powders  from  agricultural 
resiiues  for  production  of  buttons,    knobs,    dashboards,    panels  and  other  auto- 
mobile parts  and  garnishing.. 

The  molded  plastic  may  find  use  as   electrical   insulation  material   in 
the  manufacture   of  radio   and  other  electrical  equipment.      Tests  on  specimens 
prepared  during  early  studies  have   shown  that   some   agricultural   resid.ue  plas- 
tics hasve   an  electrical   resistance,    at   30   percent  relative  humidity,    of  a,p- 
proxima.tely  5  x  10  -'-•^  ohms  per  square  centimeter,    a.  value   comparable  with 
that  of  phenol-formaldehyde  and  phenol-furfural  plastics. 

The   strength  characteristics,    workability'-  and  relatively  high  moisture 
resistance   of  products  molded  from  agricultural  residues  may  be  of   interest 
to   the  building  and.  furniture  industries.      If  products   such  as  floor  and  ceil- 
ing moldings,    tiles,    table  and  desk  tops,    window  frames,    furniture   and  numer- 
ous other   articles  could  be  made  at  low  cost   and  with  desirable  properties 
not   attained  by  materials  used  at  present,    it  might  be  possible   to  mo"ve   sub- 
stantial quantities  of  residues  into   these   industrial   channels.      However, 
further  research  and  experimental   development  work,    on  a  laboratory  as  well 
as  on  a  pilot-plant   scale,    will  be  necessary  to   solve   the  many  chemical   and. 
mechanical   problems  involved. 

Conservatively  estimated  costs   of  raw  materials  for  producing  molding 
powders  liy  the  mjtl'.od?.  oubJ.ined  are  indicanCil  in  table   3,      Thene   costs  will 
Vary  with  the'  availcibility  and  quantity  of  the  raw  material  required,    local- 
ity of   tile  manufacturing  plant,    and  with  other  economic  factors.      Hie   estimated 
cost   of  raw  materials  for  the   aniline-hydrolyzed  molding  composition  is   some- 
what greater   than  that  for  the   soda-furfural   powder  and  more  than  twice  as 
great  as  tixat   of   the  raw  materials  used  for  the  acid-hydrolyzed  powder,      How- 
ever,   the   aniline-hydrolyzed  powders  have  certain  advantages  over   those  pre- 
pared by   the   other   tv/o  methods,    as  discussed  previously. 

An  estimate  of  the  final   cost   of   the  finished  powder,    on  a   commercial 
basis,    v'ould  necessarily   include  the   cost   of  labor,    steam   and  power,    equipaent, 
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maintenance  and  depreciation,  taxes,  overhead,  etc.   These  iteras  would  vary 
with  the  t;;-pe  of  powder,  with  the  production  capacity  and  location  of  the 
plant,  and  with  other  economic  conditions.   Reasona'bly  accurate  estimates  of 
these  cost  items  would  require  pilot-plant  rather  than  laboratory  studies. 

Comparative  investigations  on- various  agricultural  residues,  including 
wheat,  oat  and  rye  straws,  cornstalks,  corncobs,  flax  shives,  tobacco  stems, 
bagasse,  and  lignin  residues  from  the  production  of  furfural,  are  being  con- 
ducted at  this  laboratory.   Complete  data  on  the  physical'  properties  of  molded 
products  fror!  these  various  materials  are  not  yet  available,  but  prelininary 
observations  indicate  that  a  number  of  differences  exist.  However,  the  black 
color  and  outward  appearance  of  the  molded  product  are' very  much  the  same  for 
all  of  tliese  raw  materials. 

The  plasticswork  of  this  laboratory  ?/ill  be  incorporated  into  the 
greatly  enlarged  program  of  plastics  research  to  be  conducted  by  the  Agricul- 
tural Residues  Division  of  the  l^Iorthern  Regional  Research  Laboratory,  United 
States  Department  of  -Agriculture,  '  at  Peoria,  Illinois,'  This  Division  is  also 
actively  engaged  in  investigating  the  problems  of  harvesting,  collection, 
transportation,  storage  and  preservation  of  the  agricultural  residues  —  prob- 
lems which  have  a  most  important  bearing  on' their  industrial  utilization. 

It  may  be  seen  from  the  foregoing  studies  on  bagasse  that  it  appears 
to  be  a.  suitable  raw  material  for  the  production  of  low-cost  molding  compounds. 
Its  ready  availability  in  sizable  quantities  at  the  sugar  mills  is  a  factor 
which  favors  this  raw  material  at  the  present  time.   Experimental  bagasse 
molding  powders  have  produced  plastic  materials  with  dielectric  and  other 
strength  characteristics  and  with  resistance  to  moisture  absorption  similar 
to  those  of  phenol-formaldehyde  and  phenol-furfural  molding  compounds.   The 
relatively  low  cost  of  molding  powders  produced  from  bagasse  and  other  agri- 
cultural residues  should  be  of  considerable  interest  to  the  automotive,  rub- 
ber, electrical,  furniture  and  building  industries  where  large  volume  produc- 
tion is  practiced. 


literatiire   Cited. 


1.  G-astrock,    E.    A.    and  Lynch,    L.    F.    J.        Ja.cts  a.bout    S\igar  34,    Tio,    5,    37 
(June   1939). 

2.  Hov/ord,    Guy   C,    and  Santorn,    Lloyd  T.        U.    S.    Patent   2,077,884   (April   20, 
1937). 

3.  Mason,    William  H, ,    Boehm,    Hotert  I.i. ,    and  Koonce,-  Wilbur  Euclid.        U.    S. 
Patent  2,080,078   (Hay  11,    1937). 

4.  i.IcElainney,    T.    E. ,    Clark,    T.    P.,    and  Lynch,    D.    F.    J.      .IJodern  Plastics 
16,    ho.    7,   42    (March  1939). 

5.  1/icElhinney,    T.    E,    and  Aronovsky,    S,    I,        Modern  Plastics  17,    ITo,    10,  ■ 

•   59  (June  1940).  ,'""  :    r 

6.  Plunguian,  Mark.    Ind.  Sng.  Chem.  -32,    1399  (1940 ). 

7.  Senate  Locument  Ho.    65,  76th  Congress,  Pirst  Session,  Page  51  (1?39). 

8.  Sherrard,  Earl  C.  and  Beglinger,  Ed^'^'ard.   U.  S.  Patents  1,923,756 
(Aig.  22,  1933).;  1,932,255  (Oct.  .24,  1933.).. 

9.  Sherrard,  Earl  C.  ,  Seglinger,  Edward,  Hohf,  John  P.-,  and  Bateman,  Ernest. 
U.  S.  Patent  2,130,783  (Sept.  20,  1938).   . 


Table  1.      Average  annual   production  for  1931-35,    inclusive,    and  proxiraate 
analyses  of  certain  agricultural   byproducts   (4,    7). 


j;     Average 

^Estimated  quantity  : 

of  dry  byproduct     ; 

available  for        ] 

industrial  use        : 

:               Proximate   analysis  ^ 

:fyproduct                :;  production 
; ;     of   dry 
i:  byproduct 

; Cellu- 
:    lose 

ia.pha- 
Cellu- 
;  lose 

Lignin 

Pento- 
sans 

::  1,000  tons 
Wheat   stra.v^                         ;•     38,794 

1,000   tons           I 
29,000               \ 

:       53 

34 

19 

28 

Rye   straw                            j|      2,378 

1,800              i 

:' 

— 

— 

— 

Oat    straw                             i:    20,155 

—               : 

:      53 

44 

19 

23 

Barley   straw                       ;;       5,955 

4,474                : 

; 

— 

— 

— 

Flax  straw                          ::      1,128 

1,128            : 

:      65 

50 

22 

20 

Eice   straw                           •:       1,089 

820                j 

; 

— 

— 

— 

Corn  stover                         J;    63,581 

28 ,  500               ; 

:      45^ 

35^ 

18^ 

28^ 

Corncobs                              :■    12,408 

1,400            : 

:       71 

43 

19 

32 

Oat  hulls                             ;;       4.551 

150             : 

; 

— 

— 

— 

Eice  hulls                        •:          182        : 

182            : 

: 



— 

— 

Cottonseed  hulls              :•      1,155 

583                • 

: 

— 

— 

— 

Other  hulls                        •:     ,      183 

92            : 

; 

— 

— 

— 

Cotton  stems   and  pods    •:    17,544        i 

12,281               : 

: 

— 

— 

— 

Bagasse                                  ;';                         ; 

Continental  United     j;           423°      ■ 
States                         \\                         . 

Insular  United  States:      3.275 

423              : 
3.276                ; 

;       60 

43 

19 

29 

Total                                      ;!  173,023 

84,109                • 

— 

— 

— 

a     Percentages  based  on  oven-dry  material. 

b     Analysis  of   stripped  cornstalks. 

c     Estimated  1937-1938   production  786,000  tons   (l). 
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Table  3,   Estimated  cost  of  raw  materials  for  the 
production  of  bagasse  molding  powders,  (a)  (b) 


Type  of  Bagasse  Powder 

Raw  I  late  rials                             ; 

;             Acid-           : 
•         Hydrolyzed     \ 

;            Aniline-         ; 
.         Hydrolyzed       • 

;  So  da -Furfural 
;            Digested 

;Qaantity_ 
■Required. 
:       lb. 

Cost     : 

IQaantity 
:Required 
:      lb. 

Cost       ': 

;Qp.antit3,^ 
^Required 
:      lb. 

Cost 

$ 

Bagasse,    oven  dry,    at  $8.00/ton         : 

i     2630 

10.52     i 

;     1300 

7.60     ; 

:     2165 

8.66 

Sulfuric  Acid,    66°,    at  $16.50/ton    ; 

;         27 

0.22     ; 

•                 ^. 

««.                 i 

;       310 

7.41 

Caustic   Soda,    76^,    at  $2.30/cwt.        \ 

«                  ■— 

»*                 • 

1                 ^ 

mm                            \ 

i       660 

15.18 

Aniline                           at  $0,15/ lb. 

:      135 

20.25  ; 

i       535 

80.25     j 

•       135 

20.2.5 

Furfiiral                         at  $0.lo/lb.          : 

:      135 

13.50      j 

;       135 

13. 50     : 

\        395 

39.  50 

Zinc   Stearate              at  $0.35/lb.          '; 

:        17 

5.95     : 

:         '^^ 

5.95     : 

;         17 

5.95 

Total   cost  per  ton  of  plasticized    ; 

powder                                                                  ; 

•50.44     ; 

; 107. 30    : 

96.50 

Cost   per  lb.    of  plasticized  powder  '• 

:    0.025  ; 

•    0.054  ; 

0.04 

(a)  Based  on  1  ton  of  finished  molding  powder  using  average  yields  as  given  in 
table  3. 

(b)  These  figures  do  not  include  the  costs  of  labor,  steam  and  power,  equipment, 
maintenance  and  depreciation,  taxes,  overhead,  etc. 
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